Background. Multiple micronutrient deficiencies during pregnancy in Vietnam may contribute to poor fetal growth and stunting, which are major determinants of the health and development of future generations.
Background
Vietnam has achieved remarkable progress in reducing the rate of underweight among children over the last few decades and is on track to achieve the Millennium Development Goal poverty target of halving the rate of child undernutrition by 2015 [1] . Despite such progress, however, almost a third of Vietnamese children are still stunted, and more worrying, the rate of stunting has stopped decreasing. Integrated nutrition programs for preschool children in Vietnam have been shown to improve complementary food intake [2] , reduce morbidity [3] , and reduce weight growth faltering during infancy among the most malnourished [4] . However, such programs seem to do little to prevent or cure moderate undernutrition, which is reflected more by stunting than by underweight per se.
In all countries with a child undernutrition problem, child growth faltering is confined to the first 2 years of life [5] . But whereas weight growth faltering occurs between 4 and 12 months of age, length growth faltering proceeds at a constant rate across the first 2 years of life, suggesting that weight growth faltering and length growth faltering are different processes. Furthermore, the early childhood length growth S507 Effectiveness trial of multiple micronutrient supplementation trajectory, or the potential for height growth, is largely set during gestation. In developed countries, the height of children under 5 years of age is greatly influenced by birthweight, with those with lower birthweights becoming the shorter children [6] . The magnitude of these differences is similar in both developed and developing countries, with those born with low birthweight (LBW) being about 5 cm shorter at 17 to 19 years of age [7] . Cole [8] has observed that the secular trend of increased adult height seen in most modern societies is largely explained by increases in the height achieved by children at 2 years of age. Both Cole and Karlberg [9] postulate that height gain in the first 2 years is the outcome of an interaction between concurrent nutrition and the growth rate set during pregnancy.
Most of the major factors associated with fetal growth retardation are nutrition related and include, among others, maternal height, prepregnancy weight, maternal birthweight, gestational weight gain, and gestational caloric intake [10] . In developing countries, the major factors associated with intrauterine growth retardation (IUGR) and/or LBW, besides race, are poor gestational nutrition, low prepregnancy weight, short maternal stature, and malaria. The estimated rate of LBW in Vietnam is 7% [11] , with considerable variation across the country. A study of the maternal factors associated with LBW in northern Vietnam found rates of LBW varying from 7.9% to 12.5%, with higher rates in rural than in urban communities [12] . LBW was independently associated with maternal body mass index (BMI), food availability during pregnancy, maternity leave before delivery, and parity.
The development of a package of interventions to prevent LBW and protect fetal and infant growth has been promoted by UNICEF in various countries around the world, including Vietnam [13] . Part of the package of interventions is a multiple micronutrient supplement for use during pregnancy and lactation, the formulation of which has been agreed upon by the World Health Organization (WHO), UNICEF, and the United Nations University (UNU) for trial purposes [14] . Efficacy trials have been conducted in six countries, and a pooled data analysis of those studies has been agreed upon [15] . The results from other countries involved in these trials have already shown multiple micronutrient supplementation during pregnancy to have a favorable effect on birthweight [16] [17] [18] as well as on early child mortality [19] .
The purpose of this study was to evaluate the effectiveness of multiple micronutrient supplementation as part of a package of interventions being delivered in a regular program setting, aimed at improving maternal nutrition during pregnancy, in order to improve birthweight and length growth of young children in the first 2 years of life in Vietnam. The effects of the multiple micronutrient supplements were compared with those of the standard iron-folic acid supplements that are routinely provided to mothers during pregnancy in most parts of Vietnam.
Methods

Study setting
The trial was carried out in three districts near Hanoi in the north of Vietnam. The three districts were Kim Son, with a population of 175,000, in Ninh Binh Province; Binh Luc, with a population of 155,000, in Ha Nam Province; and Vinh Bao, with a population of 185,500, in Thai Binh Province. All three districts were essentially rural, with the majority of families involved in farming, and especially rice production, in this fertile Red River Delta region.
Study design and interventions
This effectiveness trial comparing iron-folic acid supplementation with multiple micronutrient supplementation during pregnancy was run "side-by-side" in a normal program setting in the three districts, covering most pregnancies occurring in the years 2001 and 2002. In all three districts, UNICEF was providing support to the Ministry of Health to improve the capacity of district and commune health services in planning, implementing, and monitoring their activities, particularly antenatal care and safe delivery practices, with the active participation of communities (communitybased monitoring approach). This support aimed to strengthen reproductive and maternal health services to enable them to provide adequate antenatal care, postnatal care, and safe delivery practices, as well as to increase pregnant women's access to and utilization of the same. In all three districts, mothers were actively sought out in early pregnancy by the village health workers and encouraged to come early to the antenatal clinic.
The study was approved by the ethical committee of the National Institute of Nutrition before implementation. Written informed consent was obtained from all pregnant women participating in the study and from their husbands. Participation was voluntary, and participants had the right to refuse enrollment in the study. Participants were given a health and nutrition consultation after the study was completed, and were provided with their test results.The identity of the participants was kept confidential and used only for research purposes.
The interventions delivered through antenatal care services in the three districts are summarized in table 1. In all districts, the village health workers were trained in aspects of nutrition during pregnancy so that they could encourage the mothers to eat more frequently during pregnancy. The multiple micronutrient supplement was introduced for the duration of the trial in two districts (Kim Son and Binh Luc), and in the third (Vinh Bao) the regular iron-folic acid supplementation was maintained. In Binh Luc District, special training of the village health workers and health staff was also carried out on gender awareness aimed at improving maternal care by the family and community during pregnancy. The treatments were not blinded and there was no randomization of treatments. No true placebo control group could be used in the trial, since maternal anemia rates are high in Vietnam and the national policy and standard procedure is to provide iron-folic acid tablets to all mothers as part of prenatal care. In the "control" district of Vinh Bao, the Commune Health Station workers and the village health workers actively encouraged the mothers to have monthly antenatal visits. In the other two districts, women were encouraged to have at least three antenatal care visits during pregnancy.
The method of delivery of the antenatal care micronutrient supplements (both iron-folic acid and multiple micronutrients) was modified from usual practice in all three districts for the purpose and duration of the trial. Instead of the mother's receiving her supplements at the antenatal care on a monthly basis, the supplements were delivered to the mother's house by the village health worker on a weekly basis. The supplements were kept in the house in a special bottle. The village health worker asked to see the bottle each week, discussed with the mother whether the pills were being taken, and then replenished the bottle accordingly. The iron-folic acid supplements were those regularly provided by the Ministry of Health and contained 60 mg of iron and 400 µg of folic acid. The multiple micronutrient supplement (United Nations International Multiple Micronutrient Preparation [UNIMMAP]), which was provided by UNICEF through its supply division in Copenhagen, contained 15 vitamins and minerals, as shown in table 2.
Measurement methods and data collection
For the purpose of the study, various modifications were made to the routine measurement methods used in the care. The weighing of the baby soon after birth was greatly facilitated by the provision of a table beam balance baby-weighing scale (Seca model 725000) accurate to 10 g at each Commune Health Station. Since most mothers had their babies at the Commune Health Station, babies born in the study were usually weighed there at birth; if they were born elsewhere, they were weighed within 24 hours. The regular weighing of the mother during pregnancy was performed at each antenatal care contact with a Uniscale (Seca model 710). Although this monthly weighing was originally proposed to be performed at home by the village health worker, in most places it was performed at the Commune Health Station. In three communes of each district, all women were also given two blood tests to determine their anemia status during pregnancy, one during the first trimester of pregnancy and another before delivery. The tests were carried out by the HemoCue [20] method, and the results were entered in the mothers' records. The data, which were routinely collected by the commune health staff and the village health workers and noted in the Commune Health Center records, were collected for the years 2000 and 2001 for each of the three districts and were analyzed as a whole.
In addition to the routine data collection, two surveys were carried out by researchers from the National Institute of Nutrition, one at the end of the study in 
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Effectiveness trial of multiple micronutrient supplementation mothers with children born between January 2002 and April 2003 were chosen as the subject of study, and their records in the Commune Health Station were compiled into a database. In the second survey, the children of these mothers were also weighed and measured with the use of Seca electronic weighing scales and UNICEF length instruments. Blood tests were performed by the HemoCue method. The two cluster samples were from different groups of children.
Statistical analysis
Statistical analysis was performed with the use of SPSS and Epi Info, version 6.04. Anthropometric indicators, including weight-for-age, height-for-age, and weightfor-height, were compared with National Center for Health Statistics (NCHS) reference data [21] ; a cutoff point of −2 z-scores was used to classify the children according to their nutritional status. LBW was defined as less than 2,500 g. The t-test was used to compare the means, and the chi-square test was used to compare the percentages or prevalence rates of LBW, stunting in children, maternal weight gain during pregnancy, and anemia among mothers and children.
The sample size needed for both survey 1 and survey 2 was calculated by the formula n = Z 2 •p •(1−p)−e 2 , where Z = 1.96, e = 5%, p = 14% as the estimated rate of LBW in survey 1, and p = 17% as the estimated rate of stunting in survey 2. The selection procedure was corrected for two stages of sampling, whereby at least seven communes (one cluster) were randomly selected in each district, and 50 subjects were randomly selected in each commune cluster. The total numbers of subjects needed for each district, based on the above formula, were 320 for survey 1 on LBW and 200 for survey 2 on stunting. All twins were excluded from the statistical analysis.
Results
Routine monitoring system
As shown in table 3, some 12,000 births occurred in the three districts during the period of the supplementation trial (March 2000 to December 2001). The results from the routine monitoring system suggest that mothers in Kim Son (multiple micronutrients) had the best weight gain during pregnancy, with a far higher proportion of mothers gaining more than 9 kg during pregnancy. Kim Son also had the lowest rate of LBW. The worst weight gain during pregnancy was in Vinh Bao (iron-folic acid), where one-quarter of the mothers gained less than 6 kg during pregnancy. In the two districts that distributed multiple micronutrient supplements, no woman had a weight gain during pregnancy of less than 6 kg. The routine information system also showed that there was little or no significant difference in anemia rates across the three districts at the end of the trial, and in all three districts there was an improvement compared with the initial levels observed in early pregnancy at the first antenatal contact.
Data on the timing of initiation of supplementation and on compliance were not coded for analyses and thus are not available now. However, there was active surveillance of pregnant women in the community, and thus it is likely that supplementation started in the first trimester for a high proportion of women.
Population characteristics in sample surveys 1 and 2
As shown in were supplied during pregnancy, and 535 from Binh Luc District where multiple micronutrient tablets were supplied during pregnancy together with gender awareness training. On the basis of the demographic data collected from this sample of mothers from across the three districts, mothers from Kim Son (multiple micronutrients) tended to be a little older, were less likely to be farmers, and were more likely to have a better education than mothers from Vinh Bao (ironfolic acid), with mothers from Binh Luc (multiple micronutrients plus gender training) tending to be intermediate between the two.
Pregnancy and birth outcomes in sample surveys 1 and 2
According to the sample surveys, there were no significant prepregnancy differences among mothers in the three districts in mean height or weight or in the proportions of shorter or lighter mothers ( Table 6 shows that the prevalence of anemia in the women was higher before intervention (during the first trimester of gestation) than at the end of intervention (just before delivery) and decreased most in Vinh Bao, where the standard iron-folic acid tablets were taken. The prevalence of anemia before intervention was highest in Vinh Bao (28.4%) and lowest in Kim Son (multiple micronutrients) (18.0%) (p < .05). The prevalence of anemia at the end of intervention was highest in Kim Son (10.0%) and lowest in Vinh Bao (7.4%) (p > .05). There was 21% reduction (from 28.4 before intervention to 7.4 % after intervention) of anemia 
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Effectiveness trial of multiple micronutrient supplementation among pregnant women in Vinh Bao, a significantly greater reduction than that in Binh Luc (16.6%) and Kim Son (8.0%).
As shown in table 7, mean birthweight was significantly higher in the districts receiving multiple micronutrient supplements (Kim Son and Binh Luc) than in the district receiving iron-folic acid tablets (Vinh Bao). The mean birthweight was 166 g higher in Kim Son (multiple micronutrients) and 105 g higher in Binh Luc (multiple micronutrients plus gender training) than in Vinh Bao (iron-folic acid) (p < .05). The rate of LBW (< 2,500 g) was lowest in Kim Son (4.0%) and highest in Vinh Bao (10.6%) (p < .05), and the rate of high birthweight (≥ 3,500 g) was highest in Kim Son (22.6%) and lowest in Vinh Bao (10.3%) (p < .05).
Child undernutrition in sample survey 2
The results of the sample survey to collect child anthropometric data at around 2 years of age are shown in table 8. Children from Kim Son and Binh Luc, whose mothers had taken the multiple micronutrient supplement, were taller than children from Vinh Bao, whose mothers had taken iron-folic acid tablets. The prevalence of stunting among children around 2 years of age was significantly less in the districts receiving multiple micronutrients (20.9% in Binh Luc and 20.7% in Kim Son) than in Vinh Bao (29.4%), where the mothers received iron-folic acid (p < .05). Despite the differences in stunting rates, there were no differences in mean weight or in the proportion of underweight children among the three districts.
Child anemia in sample survey 2 Table 9 shows that the prevalence of anemia in children around 2 years of age was twice as high in Vinh Bao (45.0%) as in Kim Son (21.2%), with Binh Luc in between (38.4%). The prevalence of anemia was higher in children under 2 years of age than in children 2 years of age or older.
Discussion
The results of the study suggest that prenatal supplementation with multiple micronutrients has a greater effect on birthweight than supplementation with iron-folic acid. The LBW rates in the districts where mothers were taking multiple micronutrients were half that in the district where mothers were taking ironfolic acid tablets. The mean birthweights of around 3 kg found in the three districts of the Red River Delta are similar to those reported in studies from Indonesia [19] , Zimbabwe [18] , and Niger [16] , as compared with less than 3 kg in supplementation trials in Nepal [17] and India [22] . The differences in mean birthweight of 100 g (Binh Luc) and 150 g (Kim Son) in the districts receiving multiple micronutrients compared with the district receiving iron-folic acid are twice as large as those found in these other trials of multiple micronutrient supplementation during pregnancy and are similar to those achieved by giving mothers food supplements during pregnancy in the Gambia [23] . The differences in birthweight among the districts were unlikely to be due to differences in the condition of the mothers other than those introduced by the program interventions. Those factors most likely to influence birthweight, such as maternal height and prepregnancy weight, were essentially the same in all three districts. Although few women in the study were short (< 145 cm), a third were thin (< 45 kg). The mean 
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Effectiveness trial of multiple micronutrient supplementation weight and height of mothers before pregnancy were higher than those of women aged 18 to 25 years in the National Nutrition Survey in 1987-89 [24] , suggesting that nutritional conditions in the three districts are somewhat better than the national average. A secular trend toward increased size at birth has been described in Hanoi, where the rate of LBW was just 5.1% in 1998 [25] . Interestingly, although birthweight was associated with maternal BMI before pregnancy and weight gain during pregnancy, it was not associated with maternal height in this study. Weight gain during pregnancy was higher in the districts where mothers took multiple micronutrient supplements during pregnancy than in the district where mothers took iron-folic acid tablets, although the difference was significant for only one of the districts receiving multiple micronutrients (Kim Son). Weight gain during pregnancy was higher in all three study areas (7.9 kg in Binh Luc, 8.7 kg in Kim Son, and 7.6 kg in Vinh Bao) than the 6.6-kg gain found in Red River Delta areas in 1990 [26] , but it was still less than the minimum of 12.7 kg recommended by the US Institute of Medicine for short women with low BMI [27] .
Stunting rates in children around 2 years of age in the districts where mothers took multiple micronutrient supplementation during pregnancy were 10% lower than that in the district receiving iron-folic acid supplements. Very few studies have looked at postnatal growth of the children of mothers supplemented with food or micronutrients during pregnancy. One study in East Java, Indonesia, that provided mothers with either high-or low-energy supplements during pregnancy found a 100-g difference in mean birthweight between the two groups [28] . The longitudinal study on effect of energy supplementation during pregnancy and postnatal growth for the first 5 years of life in Madura, East Java showed that childen of mothers who received the high-energy supplement were taller throughout the first 5 years (p < 0.005 from 15 to 48 months, p < 0.05 at both 3-12 and 60 months) and stunting (height-for-age) was less prevalent than among children of mothers who had received the low-energy supplement, although there was no difference between the groups in the rate of underweight [29] .
The reduction of anemia during the course of the study was greatest in the districts with the highest initial anemia rates. The greater improvement of anemia status in Vinh Bao may be due to the fact that the women were supplemented with 60 mg of elemental iron per day, as opposed to the 30 mg provided in the multiple micronutrient supplement in Kim Son. However, Binh Luc District also showed a similarly large reduction, even though mothers were taking only 30 mg of iron in the multiple micronutrient supplement. This suggests that the multiple micronutrient supplement is as effective as the iron-folic acid supplement for controlling anemia and that the more important factor was the initial level of the anemia.
It is well recognized that iron supplementation works as long as there is enough effort put into the delivery system [30] . When access to supplements is guaranteed and when they are provided with minimal, consistent, and easily understandable information and counseling, women adhere to prenatal and postpartum micronutrient supplementation [31] . Studies in Vietnam have shown that iron tablet distribution has a low priority among commune officials, although the recipients are keen to take the tablets. Ensuring availability and frequent supply of the tablets was the most critical factor for continued tablet taking [32] . The altered delivery system used in this project (mothers received the tablets in their homes together with encouragement to take the tablets), together with "active case seeking" (looking in the community for pregnant women early in pregnancy) probably meant that mothers were found earlier in pregnancy than before, when the mother had to go to the health center to get antenatal care. Interestingly, despite the success of micronutrient supplementation during pregnancy at bringing down anemia rates in the mothers, the prevalence of anemia in children at 2 years of age was higher than the prevalence of anemia in their mothers prior to pregnancy, especially in those whose mothers received iron-folic acid supplementation during pregnancy. This suggests that the anemia is not just related to iron status per se and that other factors, such as gastrointestinal parasites, should be considered as possible causes.
With vitamin A deficiency, iodine-deficiency disorders, and iron-deficiency anemia affecting at least a third of all pregnant and lactating women and their children [33] , the potential for micronutrient supplements to have a positive impact on maternal health as well as fetal and infant growth and development in Vietnam is potentially great. The extent of maternal zinc deficiency is not known for sure, but there is evidence that it exists in preschool children, since efficacy trials of zinc supplementation for growth-retarded children aged 4 to 36 months have had a positive impact on the growth of young children in Vietnam [34] . Furthermore, daily multiple micronutrient supplements containing zinc and iron performed better than iron supplements in improving hemoglobin status and length growth in young children [35] .
We have no information on other factors likely to impact stunting, such as the promotion of exclusive breastfeeding, continued breastfeeding, and adequate complementary feeding in the study populations. Premature complementary feeding has been shown to be associated with poorer growth in the first 6 months of life, and predominant breastfeeding was associated with better length gain in the second semester of life among infants in Hanoi [36] . The rates of exclusive breastfeeding and adequate complementary feeding are far from optimal. If interventions to improve infant and young child feeding were put in place together with multiple micronutrient supplementation during pregnancy, it might be feasible to reduce the stunting rates in young children even more.
The addition of gender training did not seem to confer any extra benefit on birth outcomes. There were no differences in anemia rate, weight gain during pregnancy, birthweight, or the rate of young child stunting between Kim Son (multiple micronutrients) and Binh Luc (multiple micronutrients plus gender training), a result calling into question the effectiveness of the gender training given to the commune health workers and commune nutrition collaborators. Gender awareness training may have improved the knowledge of commune health and nutrition network staff, but it was not enough to bring about changes at the household level, such as a reduced workload for pregnant women or increased attention from men to the care and nutrition of pregnant women. Although the results of this study are not conclusive because the study populations were not randomized and the treatments were not blinded, they still provide plausible evidence that multiple micronutrients during pregnancy are more beneficial than iron-folic acid supplements for the mother and child. As such, these results are very encouraging and suggest that the program approaches tested in the Red River Delta should now be tested at a far larger scale. Multiple micronutrient supplements during pregnancy should be added to other interventions to provide a continuum of care from conception (or before) through 2 years of age. This continuum of care should include such interventions as periodic deworming and multiple micronutrient supplementation for mothers prior to pregnancy so that anemia is controlled before pregnancy, as well as the promotion of exclusive breastfeeding and adequate complementary feeding of their infants.
Conclusions
This nonblinded and nonrandomized trial of the effectiveness of a multiple micronutrient supplement during pregnancy as compared with the iron-folic acid supplement routinely provided in Vietnam resulted in an increase in birthweight and in height at 2 years of age in the districts provided with multiple micronutrients. There was no additional benefit in the district provided with gender training. Multiple micronutrient supplementation during pregnancy could be an important intervention to help reduce stunting rates in Vietnam.
